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FLUID ACTUATOR REGISTERS

BACKGROUND

Fluidic dies may control movement and ejection of fluid.
Such flmdic dies may include fluid actuators that may be
actuated to thereby cause displacement of fluid. Some
example flmdic dies may be printheads, where the fluid may
correspond to 1nk.

DRAWINGS

FIG. 1 1s a block diagram that illustrates
nents of n example fluidic die.

FIG. 2 1s a block diagram that illustrates
nents of an example fluidic die.

FIG. 3 1s a block diagram that illustrates
nents of n example fluidic die.

FIG. 4 1s a block diagram that illustrates
nents of an example fluidic die.

FIG. 5 1s a block diagram that illustrates
nents of an example fluidic die.

FIGS. 6A-C provide block, diagrams that illustrate

example operations of some components of an example
fluidic die.

FIGS. 7A-C provide block diagrams that illustrate
example operations of some components of an example
fluadic die.

FIG. 9 provides a block diagram that illustrates example
operations of some components of an example fluidic die.

FIG. 10 provides a flowchart that illustrates an example
sequence ol operations that may be performed by an
example tluidic die.

Throughout the drawings, i1dentical reference numbers
designate similar, but not necessarily identical, elements.
The figures are not necessarily to scale, and the size of some
parts may be exaggerated to more clearly illustrate the
example shown. Moreover the drawings provide examples
and/or 1mplementations consistent with the description:
however, the description 1s not limited to the examples
and/or implementations provided in the drawings.

SOINC COIpPO-
S0INC COIMpO-
S50INC COINpPO-
S0OINC COIMPO-

SOINC COIMpO-

DESCRIPTION

Examples of fluidic dies may comprise fluid actuators.
The fluid actuators may include a piezoelectric membrane
based actuator, a thermal resistor based actuator, an electro-
static membrane actuator, a mechanical/impact driven mem-
brane actuator, a magneto-strictive drive actuator, or other
such elements that may cause displacement of tluid respon-
sive to electrical actuation. Fluidic dies described herein
may comprise a plurality of flmd actuators, which may be
referred to as an array of fluid actuators. Moreover, an
actuation event, as used herein, may refer to concurrent
actuation of fluid actuators of the fluidic die to thereby cause
fluid displacement. Fluidic dies, as used herein, may corre-
spond to a variety of types of integrated devices with which
small volumes of fluid may be pumped, mixed, analyzed,
¢jected, etc. Such flmdic dies may include fluid ejection dies,
such as printheads, additive manufacturing distributor com-
ponents, digital titration components, and/or other such
devices with which volumes of fluid may be selectively and
controllably ¢jected. Other examples of flmdic dies 1n
include tluid sensor devices, lab-on-a-chip devices, and/or
other such devices in which fluids may be analyzed and/or
processed.
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In example fluidic dies, the array of tluid actuators may be
arranged, 1n respective sets of fluid actuators, where each
such set of fluid actuators may be referred to as a “primitive”
or a “firing primitive.” A primitive generally comprises a
group of fluid actuators that each have a unique actuation
address. In some examples, electrical and fluidic constraints
of a flmidic die may limit which fluid actuators of each
primitive may be actuated concurrently for a given actuation
event. Therefore, primitives facilitate addressing and sub-
sequent actuation of flmid ejector subsets that may be con-
currently actuated for a given actuation event. A number of
fluid ejectors corresponding to a respective primitive may be
referred to as a size of the primitive.

To illustrate by way of example, 11 a flmdic die comprises
four primitives, where each respective primitive comprises
cight respective fluid actuators (each eight fluid actuator
group having an address 0 to 7), and electrical and fluidic
constraints limit actuation to one fluid actuator per primitive,
a total of four fluid actuators tone from each primitive) may
be concurrently actuated for a given actuation event. For
example, for a first actuation event, the respective fluid
actuator of each primitive having an address of 0 may be,
actuated. For a second actuation event, the respective fluid
actuator of each primitive having an address of 1 may be
actuated. As will be appreciated, the example 1s provided
merely for illustration purposes. Fluidic dies contemplated
herein may comprise more or less fluid actuators per primi-
tive and more or less primitives per die.

In examples described herein, a fluidic die may comprise
an actuation data register and a mask register. The actuation
data register may store actuation data that indicates each
fluid actuator to actuate for a set of actuation events. The
mask register may store mask data that indicates a subset of
fluid actuators of the array of fluid actuators enabled for
actuation for a respective actuation event ol the set of
actuation events. Therefore, 1t may be appreciated that
examples contemplated herein may facilitate concurrent
actuation of different arrangements of tluid actuators based
on the mask data of the mask register. In some examples, the
mask data may group fluid actuators 1n primitives, where the
primitives may be 1dentified via the mask data. Accordingly,
examples described herein may facilitate variable primitive
s1ze. For example, for a first actuation event, tluid actuators
may be arranged in primitives of a first primitive size, as
defined by first mask data stored 1n the mask register, and for
a second actuation event, second mask data may be loaded
into the mask register such that fluid actuators may be
arranged 1n primitives ol a second primitive size.

In some examples, a fluid actuator may be disposed 1n a
nozzle, where the nozzle may comprise a tluid chamber and
a nozzle orifice 1 addition to the fluid actuator. The fluid
actuator may be actuated such that displacement of fluid 1n
the fluid chamber may cause ejection of a fluid drop via the
nozzle orifice. Accordingly, a flmd actuator disposed in a
nozzle may be referred to as a tluid ejector.

Some example fluidic dies comprise microfluidic chan-
nels. Microfluidic channels may be formed by performing
ctching, microfabrication (e.g., photolithography), micro-
machining processes, or any combination thereof 1 a sub-
strate of the fluidic die. Some example substrates may
include silicon based substrates, glass based substrates,
gallium arsenide based substrates, and/or other such suitable
types of substrates for microfabricated devices and struc-
tures. Accordingly, microfluidic channels, chambers, ori-
fices, and/or other such features may be defined by surfaces
fabricated 1n the substrate of a fluidic die. Furthermore, as
used herein a microfluidic channel may correspond to a
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channel of sufliciently small size (e.g., of nanometer sized
scale, micrometer sized scale, millimeter sized scale, etc.) to
tacilitate conveyance of small volumes of fluid (e.g., picoli-
ter scale, nanoliter scale, microliter scale, milliliter scale,
ctc.). Example fluidic dies described herein may comprise
microtluidic channels 1n which flmdic actuators may be
disposed. In such implementations, actuation of a fluid
actuator disposed 1n a microfluidic channel may generate
fluid displacement in the microtluidic channel. Accordingly,
a fluid actuator disposed 1n a microfluidic channel may be
referred to as a fluid pump.

Turning now to the figures, and particularly to FIG. 1, this
figure provides a block diagram that 1llustrates some com-
ponents of an example fluidic die 10. As shown, the fluidic
die 10 may comprise a plurality of fluid actuators 12. As
discussed above, the plurality of actuators 12 may be
referred to as an array of fluid actuators 14. In this example,
the fluidic die 10 further comprises an actuation data register
16 and a mask register 18. As discussed previously, the
actuation data register 16 may store actuation data that
indicates each fluid actuator to actuate for a set of actuation
events. The mask register 18 may store mask data that
indicates fluid actuators of the array enabled for actuation
for a respective actuation event of the set of actuation events.

Each fluid actuator 12 may be connected to actuation
logic 20. In addition, the actuation logic may be connected
to the actuation data register and the mask register. Accord-
ingly, for a respective actuation event of the set of actuation
events, the actuation logic 20 may electrically actuate a
subset of the fluid actuators 12 based at least in part on the
actuation data and the mask data. As shown in FIG. 1, the
array of fluid actuators 14 may comprise various numbers of
fluad actuators 12.

In FIG. 2, a block diagram 1s provided that illustrates
some components of an example fluidic die 50. In thas
example, the fluidic die 50 comprises a plurality of nozzles
52, which may be referred to as, an array of nozzles 53.
Moreover, each respective nozzle 32 comprises a flud
actuator in the form of a fluid ejector 54.

Furthermore, 1n this example, the tfluidic die 50 comprises
mask control logic 56 coupled to the mask register 18. In
some examples described herein, the mask control logic 56
may shift mask data stored 1n the mask register responsive
to performance of an actuation event of a set of actuation
events. In such examples, by shifting the mask data, different
fluid actuators of the array of fluid actuators may be subse-
quently enabled for actuation for a next actuation event of
the set of actuation events. While in the example, each
nozzle 52 is illustrated as including one flud ejector 54,
other examples may include more than one flmd ejector 54
such that different volumes of tfluid may be ejected via a
nozzle for a given actuation event based on the number of
fluid ejectors concurrently actuated. As will be appreciated,
mask data of the mask register 18 may control the number
of fluid ejectors per nozzle concurrently actuated for a given
actuation event.

FIG. 3 provides a block diagram that illustrates some
components of an example fluidic die 70. In this example,
the fluudic die may comprise a plurality of microfluidic
channels 72, which may be referred to as an array of
microtluidic channels. Furthermore, in this example, a fluid
actuator in the form of a fluid pump 74 may be disposed 1n
cach microfluidic channel 72. Therefore, in this example,
actuation of a respective tluid pump 74 may cause displace-
ment (1.e., flow) of fluid 1 the respective microfluidic
channel 72. While the example of FIG. 3 1llustrates one fluid
pump 74 per microtluidic channel 72, other examples con-
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templated herein are not so limited. In particular, some
example fluidic dies may comprise at least two fluid pumps
disposed 1n each microfluidic channel. As may be appreci-
ated, actuation of one fluid pump for a given actuation event
may cause displacement of a first volume of fluid, while
concurrent actuation of the at least two fluid pumps may
cause displacement of a second volume of fluid that is
different than the first volume of fluid. In other examples,
one fluid actuator may be positioned 1n at least two nozzles
such that fluid may be ¢jected from the at least two nozzles
by actuation of the fluid actuator. Similarly, one fluid actua-
tor may be positioned 1n at least two microfluidic channels
such that fluid may be concurrently pumped 1n the at least
two microtluidic channels by actuation of the fluid actuator.

Turmning now to FIG. 4, this figure provides a block
diagram that illustrates some components of an example
fluidic die 100. In this example, the flmd ejection die may
comprise a plurality of nozzles 102, where each nozzle 102
comprises an ejection chamber 104, a nozzle orifice 106, and
a fluid actuator 1n the form of a fluid ejector 108. As shown,
cach nozzle 102 may be fluidly connected to a fluid supply
110 via a flmd mput 112. In addition, each nozzle 102 may
be fluidly connected to the tluid supply 110 via a microtlu-
idic channel 114 in which a fluid actuator 1n the form of a
fluid pump 116 may be disposed.

In examples similar to the example fluidic die 100 of FIG.
4, fluud may be conveyed to the ejection chamber 104 of
cach nozzle 102 via the respective fluid input 112. Actuation
of the fluid ejector 108 of each nozzle 102 may displace fluid
in the e¢jection chamber 104 in the form of a fluid drop
¢jected via the nozzle orifice 106. Furthermore, fluid may be
circulated from the ejection chamber 104 back to the fluid
supply 110 via the microfluidic channel 114 by operation of
the fluid pump 116 disposed therein. Accordingly, 1n such
examples actuation of the fluid actuators (e.g., tluid ejectors
108 and fluid pumps 116) by the actuation logic 20 may
cause fluid ejection or fluid recirculation. As with previous
examples, actuation of the fluid ejectors 108 and fluid pumps
116 may be based at least in part on actuation data stored 1n
the actuation data register 16 and mask data stored in the
mask register 18 of the fluidic die 100.

FIG. 5 provides a block diagram that illustrates some
components of an example fluidic die 150. In this example,
the die 150 comprises an actuation data register 16, a mask
register 18, and actuation logic 20. The actuation logic 20 1s
connected to each of an array of fluid actuators 12a-/.
Furthermore, the actuation data register 16 comprises a set
of bits 152a-/ to store actuation data, where each respective
bit 152a-/ of the actuation data register 16 corresponds to a
respective fluid actuator 12a-/. The mask register comprises
a set of bits 154a-/ to store mask data, where each respective
bit 154a-/ of the mask register corresponds to a respective
fluid actuator 12a-/. As shown, actuation data load logic 160
may be coupled to the actuation data register 16 and the
mask register 18. The actuation data load logic 160 may
receive control data corresponding to actuation events to be
performed, and the actuation data load logic may load
actuation data and/or mask data into the corresponding
registers based on the received control data. In examples in
which the fluidic die corresponds to a fluid ejection die, such
as a printhead, 1t may be appreciated that the actuation data
load logic 160 may interface with a fluid ejection system 1n
which the fluidic die may be implemented such that the
control data may be sent to, the actuation data load logic
from the system in which the fluidic die may be imple-
mented.
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Furthermore, in this example, the fluidic die 150 includes
mask control logic 56 that comprises a shift count register
162 and a shift state machine 164. The shift count register
162 may store a shift pattern that indicates a number of shifts
that may be 1nput, into the mask register 18 responsive to
performance of an actuation event to cause the mask data of
the mask register to shift. The shift state machine 164 may
iput a shitt clock to the mask register to cause the shifting
indicated in the shift count register. In this example, the
mask register 18 1s 1llustrated as a circular shiit register in
which shifting of bits of the register may cause end bits to
be shifted from one end of the register to the other (1.¢., a
value of the first mask bit 154a may be shifted into the last
mask bit 154/, or a value of the last mask bit 154/ may be
shifted 1nto the first mask bit 154a). Other examples may
comprise other types of shift registers including more or less
mask bits. In some examples, the mask register may com-
prise more bits than fluid actuators, such that some mask bits
may not be used 1n arranging the fluid actuators mto virtual
primitives. In other examples, the additional mask bits may
be used to implement various other functionalities.

As shown 1n examples provided in FIGS. 1-5, the fluidic
die may comprise various components that may be used to
process data and perform operations as described herein.
Such components, such as actuation logic, mask control
logic, and/or actuation data load logic may comprise various
arrangements of logical components to perform the opera-
tions described herein. For example, arrangements of tran-
sistors, switches, state machines, registers, counters, multi-
plexers, logic gates, and/or other such logical components
may be implemented therein. Moreover, 1t may be appreci-
ated that the components may further include circuitry for
data, processing, such as controllers, processing units, and/
or other such types of circuit arrangements that may be
implemented for data processing.

Examples provided herein may facilitate a variable primi-
tive size for fluid actuator arrays of a fluidic die. FIGS. 6 A-C
illustrate example prim sizes that may be implemented for a
fluidic die 200 comprising a fluid actuator array having
twelve fluid actuators 12a-/. In this example, the fluidic die
200 includes an actuation data register 16 that includes an
actuation bit 202a-/ for each respective tluid actuator 12a-/.
The respective actuation bit 202q-/ indicates whether the
associated tluid actuator 12a-/ 1s to be actuated for a set of
actuation events. For the examples of FIGS. 6A-C, every
fluid actuator 12a-/ 1s to be actuated for the set of actuation
events—1.e., each actuation bit 202a-/ includes a bit value of
‘1.

Furthermore, the fluidic die 200 includes a mask register
18 that comprises a respective mask bit 204a-/ for each
respective fluid actuator. As discussed previously, actuation
logic 20 of the fluidic die 200 may selectively actuate a
respective fluid actuator based at least in part on a respective
actuation data bit 202a-/ and a respective mask bit 204q-/. In
the examples of FIGS. 6 A-C, the fluidic die 200 comprises
a first actuation data bit 202a and a first mask bit 204a for
a first fluid actuator 12q, and the fluidic die 200 comprises
a respective actuation data bit and mask bit for each respec-
tive fluid actuator to the 12th actuation data bit 202/ and 12th
mask bit 204/ for a 12th fluid actuator 12/ of the array of
fluad actuators.

In FIG. 6A, the mask data of the mask register 18
configures the fluidic die 200 to actuate the tluid actuators
12a-/ 1n a primitive size of 3 actuators per primitive, such
that the fluid actuators are arranged into four primitives. In
particular, a first primitive may include the first fluid actuator

12a, the second fluid actuator 1254, and the third fluid
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actuator 12¢; a second primitive may include the fourth fluid
actuator 12d, the fifth fluid actuator 12e, and the sixth fluid
actuator 12f; a third primitive may include the seventh fluid
actuator 12¢, the eighth fluid actuator 12/, and the ninth
fluad actuator 12i; a fourth primitive may include the tenth
fluid actuator 12/, the eleventh fluid actuator 124, and the
twelfth fluid actuator 12/

In this example, one respective fluid actuator of each
primitive may be actuated for a respective actuation event.
Since the mask data 18 causes the tluid actuators 12a-/ to be
operated 1nto four primitives having a primitive size of three
fluid actuators, the set of actuation events to perform the
actuations indicated 1n the actuation data register 16 may be
three actuation events.

In FIG. 6A, a first actuation event of the set of actuation
cvents 1s illustrated by the mask data bits 204a-/. In par-
ticular, for the first actuation event, the mask data of the
mask register 18 1dentifies a set of fluid actuators enabled for
actuation. In this example, for the first primitive, the first
fluid actuator 12a 1s enabled for actuation, as indicated by
the first mask bit 204q; for the second primitive, the fourth
fluid actuator 124 1s enabled for actuation, as indicated by
the fourth mask bit 2044d; for the third primitive, the seventh
fluid actuator 12g 1s enabled for actuation, as indicated by
the seventh mask bit 204¢; and for the fourth primitive, the
tenth fluid actuator 2027 1s enabled for actuation, as indicated
by the tenth mask bit 204;. After performance of the first
actuation event, the mask data of the mask register 18 may
be shifted such that the set of fluid actuators enabled for
actuation for the second actuation event includes a different
fluad actuator 12a-/ of each primitive. After performance of
the second actuation event, the mask data of the mask
register 18 may be shifted such the set of flmd actuators
enabled for actuation for the third actuation event includes
a different fluid actuator 12a-/ of each primitive.

In the example of FIG. 6B, the mask data of the mask
register 18 arranges the fluid actuators 12a-/ 1n three primi-
tives with each primitive having a primitive size of four fluid
actuators 12q-/. In particular, a first primitive may include
the first through fourth fluid actuators 12a-d; a second
primitive may include the fifth through eighth fluid actuators
12e-/2; and a third primitive may include the nminth through
twellth fluid actuators 12i-/. Since each primitive size 1s four
fluid actuators, the set of actuation events corresponding to
the primitive size arranged by the mask data of the mask
register 18 may 1nclude four actuation events. In this
example, the mask bits 204a-/ of the mask register 18 store
mask data for a first actuation event of the set of actuation
events. In particular, 1n this example, one fluid actuator 12a-/
of each primitive may be actuated per actuation event. The

mask data illustrated in the example of FIG. 68 corresponds
to a first actuation event, in which: the first fluid actuator 12a

1s enabled for actuation, as indicated by the first mask bit
204a; the fifth fluid actuator 12¢ 1s enabled for actuation, as
indicated by the fifth mask bit 204¢; and the ninth fluid
actuator 12i 1s enabled for actuation, as indicated by the
ninth mask bit 204;. Similar to the example of FIG. 6A, after
performance of each respective actuation event of the set of
actuation events, the mask data of the mask register may be
shifted such that a different fluid actuator 12a-/ of each
primitive 1s enabled for actuation for subsequent actuation
cvents. After performance of the set of actuation events,
some examples may load new mask data that corresponds to
a different arrangement of tluid actuators. In other examples,
alter performance of the set of actuation events, the mask
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data may be shifted to thereby reset such that the primitive
arrangement may be implemented for another set of actua-
tion events.

In FIG. 6C, the mask data of the mask register 18 arranges
the tluid actuators 12a-/ 1n two primitives with each primi-
tive having a primitive size of six fluid actuators 12a-/. In
particular, a first primitive may include the first through sixth
fluid actuators 12a-f; and a second primitive may include the
seventh through twelfth fluid actuators 12¢-/. Since each
primitive size 1s six fluid actuators, the set of actuation
events corresponding to the primitive size arranged by the
mask data of the mask register 18 may include six actuation
events. In this example, the mask bits 204a-/ of the mask
register 18 store mask data for a first actuation event of the
set of actuation events. In particular, in this example, one
fluid actuator 12a-/ of each primitive may be actuated per
actuation event. The mask data 1llustrated in the example of
FIG. 6C corresponds to a first actuation event, in which: the
first fluid actuator 124 1s enabled for actuation, as indicated
by the first mask bit 204¢a; and the seventh fluid actuator 12¢
1s enabled for actuation, as indicated by the seventh mask bit
204g. Similar to the example of FIGS. 6A and 6B, after
performance of each respective actuation event of the set of
actuation events, the mask data of the mask register may be
shifted such that a different fluid actuator 12a-/ of each
primitive 1s enabled for actuation for subsequent actuation
events.

FIGS. 7A-C continue the example of FIG. 6B. As dis-
cussed above with regard to FIG. 6B, the mask data of the
mask register 18 may arrange the fluid actuators 12a-/ in
primitives having a primitive size of four fluid actuators
cach such that the set of actuation events may comprise four
respective actuation events. FIG. 6B illustrates the mask
data of the mask register 18 for the first actuation event of
the set. In FIG. 7A, the mask data of the mask register 18 has
been shifted up two times (from the example of FIG. 6B) to
enable different fluid actuators of each primitive for actua-
tion for a second actuation event of the set. In particular, in
this example, the third fluid actuator 12¢ i1s enabled for
actuation, as indicated by the third mask bit 204c¢; the
seventh fluid actuator 12g i1s enabled for actuation, as
indicated by the seventh mask bit 204¢g; and the eleventh
fluid actuator 124 1s enabled for actuation, as indicated by
the eleventh mask bit 204%.

In FIG. 7B, the mask data of the mask register 18 has been
shifted up one times (from the example of FIG. 7A) to
enable different fluid actuators of each primitive for actua-
tion for a third actuation event of the set. In particular, 1n this
example, the second fluid actuator 1256 1s enabled for actua-
tion, as indicated by the second mask bit 2045; the sixth tluid
actuator 12f i1s enabled for actuation, as indicated by the
sixth mask bit 204f; and the tenth fluid actuator 12/ 1s
enabled for actuation, as indicated by the tenth mask bit
204;.

In FIG. 7C, the mask data of the mask register has been
shifted up two times (from the example of FIG. 7B) to
enable different flmid actuators of each primitive for actua-
tion for a fourth actuation event of the set. In particular, in
this example, the fourth fluid actuator 124 1s enabled for
actuation, as indicated by the fourth mask bit 204d; the
cighth fluid actuator 12/ 1s enabled for actuation, as indi-
cated by the eighth mask bit 204/; and the twelfth fluid
actuator 12/ i1s enabled for actuation, as indicated by the
twelith mask bit 204/,

Accordingly, the example provided by FIGS. 6B and
7A-C 1llustrate shifting of the mask data 1n the mask register
18 responsive to performance of each respective actuation
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event for a set of actuation events. As discussed, 1in such
examples by shifting the mask data, each fluid actuator 12a-/
of each primitive may be enabled for actuation for the set of
actuation events. In some examples, such as the examples of
FIGS. 6B, and 7A-C, each respective fluid actuator 12a-/ of

cach primitive 1s enabled for actuation for a different actua-
tion event of the set of actuation events.

In other examples, more than one fluid actuator of a
primitive may be enabled for a given actuation event. For
example, referring to FIG. 8, i this example, two fluid
actuators per primitive may be enabled for actuation for a
given actuation event. In this example, to facilitate displace-
ment of a larger volume of fluid, at least two neighboring
fluid actuators may be concurrently actuated for an actuation
event. In particular, the first fluid actuator 12a and second
fluad actuator 125 are enabled for actuation, as indicated by

the first mask bit 204a and the second mask bit 2045; the
fifth and sixth fluud actuators 12e¢, 12/ are enabled for
actuation, as indicated by the fifth and sixth mask bits 204e,
204f; and the ninth and tenth fluid actuators 12i, 12; are
enabled for actuation, as indicated by the ninth and tenth
mask bits 204:, 204/

In examples 1n which the fluid actuators 12a-/ are imple-
mented 1n nozzles as tluid ejectors, arrangement similar to
the example arrangement of FIG. 8 may facilitate ejection of
a fluid drop having a greater volume, as the fluid drops from
neighboring nozzles may combine. To illustrate by way of
comparison, in the example of FIG. 8B, a first drop volume
(which may also be referred to as a first drop size) may be
¢jected since the mask data (for example purposes, first
mask data) of the mask register 18 implements actuation of
one fluid actuator per primitive. By comparison, the arrange-
ment of FIG. 8 may cause ¢jection of a fluid drop of a second
volume (which may also be referred to as a second drop size)
since the mask data (for example purposes, second mask
data) of the mask register 18 implements actuation of two
fluid actuators per primitive. In other examples, fluid dis-
placement 1n a microfluidic channel or overall fluidic die
may be selectively controlled by actuation of one fluid
actuator per primitive or concurrent actuation of more than
one fluid actuator per primitive. Therefore, examples pro-
vided herein may selectively change fluid volume displace-
ment (either in drop ejection or channel pumping) by
loading different mask data that facilitates difierent arrange-
ments of primitives for the flmd actuators.

While other examples provided herein have illustrated
operations 1n which each fluid actuator of an array 1s to be
actuated for a set of actuation events, the description 1s not
so limited. As described herein, the mask data of the mask
register enables a flmd actuator for actuation for a given
actuation event. However, a flmd actuator may not actuate
for the given actuation event if the actuation data of the
actuation data register does not indicate that the fluid actua-
tor 1s to actuate for the set of actuation events. FIG. 9
provides an example in which the mask data arranges the
fluid actuators 12a-/ into four primitives having a primitive
s1ze of three fluid actuators each 12a-1. In this example, the
first fluid actuator 12a will actuate for the respective actua-
tion event because: the first actuation data bit 2024 1indicates
that 1t 1s to actuate for the set of actuation events (in this
example, the bit 1s set to logic value °17); and the first mask
bit 204a indicates that the first fluid actuator 12a 1s enabled
for actuation for the respective actuation event. To 1llustrate
the opposite, while the fourth flmd actuator 124 1s enabled
for actuation for the respective actuation event (1.e., the
fourth mask bit 2044 1s set to logic value 1), the fourth fluid
actuator will not actuate for the respective actuation event
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because the fourth actuation data bit 2024 indicates that the
fourth fluid actuator 124 1s not to actuate for the set of
actuation events (e.g., the fourth actuation data bit 2024 1s
set to logic value °0%). Accordingly, 1t may be appreciated
that whether a respective fluid actuator 1s actuated by the
actuation logic 20 1s based at least in part on both the
actuation data of the actuation data register 16 and the mask
data of the mask register 18. In some examples, the actuation
logic 20 may comprise at least some logical components that
perform a logical ‘AND’ operation with a respective actua-
tion data bit and a respective mask bit for a respective tluid
actuator.

FIG. 10 provides a flowchart 300 that illustrates an
example sequence of operations that may be performed by
an example fluidic die. The operations illustrated i the
example of FIG. 9 may be performed by components of a
flmidic die, such as mask control logic, actuation logic,
actuation data load logic, fluid actuators, or other such
components. In this example, the actuation data register and
mask register may 1nitialized for a set of actuation events
(block 302). In some examples, initializing the mask register
may comprise loading mask data ito the mask register. In
some examples, mitializing the mask register may comprise
shifting the mask register such that the mask data corre-
sponds to a respective actuation event of the set of actuation
events. Furthermore, 1nitializing the actuation register may
comprise loading actuation data into the actuation data
register of the fluidic die for the set of actuation events. As
discussed previously, the actuation data of the actuation data
register may indicate tluid actuators of the fluidic die to be
actuated for the set of actuation events, and the mask data of
the mask register indicates a set of fluid actuators of the die
enabled to be actuated for a respective actuation event of the
set of actuation events.

Accordingly, fluid actuators of the flmdic die may be
actuated for the respective actuation event, where such
actuation 1s based at least 1n part on the actuation data and
the mask data (block 306). Responsive to performance of the
respective actuation event and i other actuation events of
the set of actuation events remain to be performed (*N”
branch of block 308), the mask data of the mask register may
be shifted such that different fluid actuators of the fluidic die
are enabled for actuation for a next actuation event of the set
of actuation events (block 310), and the sequence of opera-
tions may repeat (blocks 308-310) until all actuation events
of the set of actuation events are performed. Responsive to
completing the set of actuation events (°Y’ branch of block
308), the actuation register and/or mask register may be
initialized for a next set of actuation events (block 312). As
discussed above, mitializing the mask register may comprise
loading mask data into the mask register for a respective
actuation event of the next set of actuation events. In
addition, 1nitializing the mask register may comprise shift-
ing the mask register such that the mask data corresponds to
the respective actuation event of the next set of actuation
events. Furthermore, 1nitializing the actuation register may
comprise loading actuation data for the next set of actuation
events into the actuation data register. The operations may
be repeated for the next set of actuation events (blocks
306-314).

Accordingly, examples provided herein may provide a
fluidic die mcluding an actuation data register and a mask
register that may be used to control actuation of fluid
actuators ol the fluidic die. As described in the various
examples provided herein, the mask register may be utilized
to arrange fluid actuators in variable primitives such that
actuation of the fluid actuators thereof may be adjusted by
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adjusting mask data of the mask register. As illustrated by
way ol various examples, adjustable primitive arrangement
of the fluid actuators of the flmdic die may facilitate chang-
ing such tluid actuator arrangements based on parameters of
a set ol actuation events.

The preceding description has been presented to 1llustrate
and describe examples of the principles described. This
description 1s not intended to be exhaustive or to limit these
principles to any precise form disclosed. Many modifica-
tions and variations are possible 1n light of the description.
In addition, while various examples are described herein,
clements and/or combinations of elements may be combined
and/or removed for various examples contemplated hereby.
For example, the example operations provided herein in the
flowcharts of FIG. 10 may be performed sequentially, con-
currently, or in a different order. Moreover, some example
operations of the flowcharts may be added to other flow-
charts, and/or some example operations may be removed
from flowcharts. In addition, the components 1llustrated 1n
the examples of FIGS. 1-9 may be added and/or removed
from any ol the other figures. Therefore, the foregoing
examples provided in the figures and described herein
should not be construed as limiting of the scope of the
disclosure, which 1s defined in the Claims.

The mmvention claimed 1s:

1. A fluidic die comprising:

an array of fluid actuators;

an actuation data register to store actuation data that
indicates each fluid actuator to actuate for a set of
actuation events;

a mask register to store mask data that indicates a set of
fluid actuators of the array of fluid actuators enabled for
actuation for a respective actuation event of the set of
actuation events; and

actuation logic coupled to the actuation data register, the
mask register, and the respective flmd actuators, the
actuation logic to electrically actuate a subset of the
fluid actuators based at least 1n part on the actuation
data register and the mask register for the respective
actuation event,

wherein the fluidic die includes the array of fluid actua-
tors, the actuation data register, the mask register and
the actuation logic.

2. The fluidic die of claim 1, further comprising;

an array ol nozzles, wherein each respective nozzle of the
array comprises a respective fluid actuator of the array
of flmd actuators as a respective tluid ejector, and each
respective fluid ejector 1s to actuate to thereby eject a
fluid drop wvia the respective nozzle of the array of
nozzles.

3. The fluidic die of claim 1, further comprising:

an array of microflmidic channels, wherein each respective
microtluidic channel of the array comprises a respec-
tive fluid actuator of the array of fluid actuators dis-
posed theremn as a respective fluid pump, and each
respective fluid pump 1s to actuate to thereby generate
fluad displacement 1n the respective microfluidic chan-
nel.

4. The fluidic die of claim 1, further comprising:

an array ol nozzles, wherein each respective nozzle of the
array comprises a first respective fluid actuator of the
array of fluid actuators as a respective fluid ejector, and
cach respective fluid ejector 1s to actuate to thereby
¢ject a fluid drop via the respective nozzle of the array
of nozzles; and

an array of microflmidic channels, wherein each respective
microtluidic channel of the array comprises a second
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respective fluid actuator of the array of tluid actuators
disposed therein as a respective fluid pump, each
respective microfluidic channel 1s fluidly connected to
at least one respective nozzle, and each respective tluid
pump 1s to actuate to thereby generate fluid displace-
ment in the respective microfluidic channel and con-
nected at least one respective nozzle.

5. The fluidic die of claim 1 further comprising:

mask control logic to shift the mask data stored in the
mask register responsive to the respective actuation
event to thereby indicate another subset of fluid actua-
tors enabled for actuation for another respective actua-
tion event of the set of actuation events.

6. The fluidic die of claim 5, wherein the mask control

logic comprises a shift count register and a shift state
machine, the shift state machine connected to the mask
register, and the shiit state machine to 1input a shift clock to
the mask register to shift the mask data stored in the mask
register.

7. The fluidic die of claim 1, wherein the mask data 1s first
mask data, and the first mask data corresponds to a first
primitive size,

wherein the mask register 1s to store second mask data that

indicates another subset of fluid actuators of the array
of fluid actuators enabled for actuation for another
respective actuation event of another set of actuation
events, and the second mask data corresponds to a
second primitive size that 1s different than the first
primitive size.

8. The flmidic die of claim 1, wherein the mask data 1s first
mask data, and the first mask data corresponds to a first fluid
drop size,

wherein the mask register 1s to store second mask data that

indicates another subset of fluid actuators of the array
of fluid actuators enabled for actuation for another
respective actuation event of another set of actuation
events, and the second mask data corresponds to a
second tluid drop size that 1s different than the first fluid
drop size.

9. The fluidic die of claim 1, wherein the mask data 1s first
mask data, and the fluid ejection die further comprises:

mask control logic coupled to the mask register, the mask

control logic to load second mask data into the mask
register responsive to completion of the set of actuation
events.

10. The fluidic die of claim 1, wherein the actuation data
register includes a respective bit for each respective fluid
actuator, and the mask register includes a respective bit for
cach respective fluid actuator, and

wherein the actuation logic to electrically actuate the

subset of respective fluid actuators comprises the actua-
tion logic to electrically actuate the respective flud
actuators based at least 1n part on the respective bit of
the actuation data register and the respective bit of the
mask register.

11. A flmdic die comprising:

an array of fluid actuators;

an actuation data register including a respective actuation

bit for each respective fluid actuator of the array of fluid
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actuators, the respective actuation bit indicating
whether to actuate the respective fluid actuator for a set
ol actuation events;
a mask register to store mask data, the mask register
including a respective mask bit for each respective fluid
actuator of the array of fluid actuators, the respective
mask bit indicating whether the respective fluid actua-
tor 1s enabled for actuation for a respective actuation
event of the set of actuation events; and
actuation logic coupled to the actuation data register, the
mask register, and the array of fluid actuators, the
actuation logic to actuate tfluid actuators of the array
based at least 1 part on the respective actuation bit and
the respective mask bit for each respective fluid actua-
tor for the respective actuation event,
wherein the fluidic die includes the array of fluid actua-
tors, the actuation data register, the mask register and
the actuation logic.
12. The fluidic die of claim 11, wherein the mask data 1s
first mask data, and the set of actuation events 1s a first set
ol actuation events that corresponds to the first mask data,
the fluidic die turther comprising;:
mask control logic to:
shift the first mask data of the mask register responsive
to performance of each respective actuation event of
the first set of actuation events, and

load second mask data corresponding to a second set of
actuation events responsive to performance of the
respective actuation events of the first set of actua-
tion events.

13. A method for a fluidic die comprising;

actuating fluid actuators of an array of fluid actuators for
a first actuation event of a set of actuation events based
at least 1n part on actuation data stored 1n an actuation
register of the fluidic die and based at least in part on
mask data stored 1n a mask register of the fluidic die,
the actuation data indicating each respective fluid
actuator of the array to actuate for the set of actuation
events, and the mask data indicating a first subset of
respective fluid actuators of the array enabled for
actuation for the first actuation event; and

responsive to actuating the fluid actuators for the first
actuation event, shifting the mask data of the mask
register to indicate a second subset of respective fluid
actuators of the array enabled for actuation for a second
actuation event of the set of actuation events,

wherein the fluidic die includes the array of fluid actua-
tors, the actuation data register, the mask register and
the actuation logic.

14. The method of claim 13, wherein the set of actuation
events 1s a first set of actuation events, the method further
comprising;

responsive to performing all actuation events of the first
set of actuation events, loading the mask register for a
first actuation event of a second set of actuation events.

15. The method of claim 14, wherein the fluidic die
comprises an array ol nozzles, and each respective fluid
actuator of the array of fluid actuators 1s disposed 1n a
respective nozzle of the array of nozzles.
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